Background/Aims: Bidens pilosa L. (Bp) is widely distributed in China and has been widely used as a traditional Chinese medicine. The aim of this study was to examine the effect of the extract of Bp on androgen deficiency dry eye and determine its possible mechanisms. Methods: Twenty-four rats were randomly divided into four groups: Group Con (control), Group Sal (physiological saline), Group Fin (oral finasteride), and Group Bp (oral finasteride and Bp). The dry eye model was established in group Fin and group Bp. Aqueous tear quantity was measured with phenol red-impregnated cotton threads with anesthesia. Tear film breakup time (BUT) and corneal epithelial damage were evaluated by fluorescein staining. Animals were sacrificed at 28 days, and ocular tissues (lacrimal gland and cornea) were evaluated with light microscopy; gene microarray analysis for inflammatory cytokines and Western blot were also performed. Results: Finasteride administration effectively induced dry eye in rats by 14 days after administration. Group Fin rats had significantly higher fluorescein staining scores and lower aqueous tear quantity and BUT than the group Con rats, and notable inflammatory cell infiltrates were observed in the lacrimal gland of group Fin rats. The fluorescein staining score, aqueous tear quantity and BUT significantly improved with Bp treatment in the group Bp rats, and the structures of the lacrimal gland were well maintained without significant lymphocyte infiltration. Cytokine antibody array data identified the cytokines B7-2/Cd86, IL-1β, IL-4, IL-6, IL-10, MMP-8, FasL, TNF-α and TIMP-1 as candidates for validation by Western blot. Expression levels of pro-inflammatory cytokines, including IL-1β, IL-6, and TNF-α, in group Fin were upregulated compared with group Con. Levels of anti-inflammatory cytokines, such as IL-4 and IL-10, in group Fin were also upregulated compared with those in group Con. Compared with group Fin, IL-1β, FasL, and TNF-α were significantly decreased in group Bp. Conclusion: The extract of Bp appears to be effective for the treatment of androgen deficiency dry eye in rats by improving aqueous tear quantity, maintaining tear film stability, and inhibiting the inflammation of the lacrimal gland.
Introduction
Dry eye is a common ocular surface disease characterized by unstable tear film, ocular surface epithelial disease and inflammation, lacrimal gland inflammation, and secretory dysfunction [1] . The major etiological causes of dry eye can be classified into two groups: aqueous deficiency due to insufficient lacrimal tear secretion and excessive evaporation [2] , and aqueous deficiency or excessive evaporation caused by tear hyperosmolarity. These changes can activate the MAPK and NF-κB signaling pathways, which results in increased concentrations of proinflammatory mediators and inflammatory cytokine expression [3] . The prevalence of dry eye was reported to range from 5% to 35%, and the condition was more prevalent in women and could be increased with age [4] . The epidemiological studies indicated that the prevalence of dry eye is approximately 7% in women and 4% in men in the US amongst those >50 years of age [5] . The decline of androgen levels was proven to be one main cause of dry eye, as androgen plays a major role in the regulation of the lacrimal gland secretary functions [6] . Therefore, androgen replacement therapy (ART) is currently considered the only effective therapy for dry eye caused by a gonadal hormone imbalance. However, the long-term treatment of ART would inevitably lead to some adverse effects, and accordingly, it is necessary to search for new safe and effective agents to treat dry eye.
Bidens pilosa L. (Bp) is an easy-to-grow herb that is widely distributed in almost all tropical and subtropical region countries around the world [7] . As a folk medicine, Bp has been used in various medications. Recent studies revealed that Bp possesses various promising pharmacological effects, such as anti-allergic [8] , anti-ulcer [9] , anti-inflammatory [10] and immunomodulatory properties [11, 12] . Particularly, Bp has attracted much interest due to its proven pharmacologic safety and its anti-inflammatory activities through inhibiting the production of pro-inflammatory cytokines. Our previous studies showed that Bp had the potential to serve as a therapeutic agent for dry eye [13, 14] ; however, the mechanism of action and whether Bp is useful for inhibiting inflammation in dry eye remain unclear. Therefore, the present study was designed to evaluate the therapeutic effect of Bp on dry eye and explore its possible underlying mechanism of action in a rat model of androgen deficiency.
Materials and Methods

Experimental animals
Healthy female Wistar rats (7 months old, weighing 180 -250 g) were obtained from the animal experimental center of Nanjing Medical University. The animals were housed in ambient conditions of room temperature 25 ± 2°C, relative humidity 35% ± 5%, an alternating 12-hour light-dark cycle and food and water ad libitum. All experimental protocols were approved by the Animal Care and Use Committee of Nanjing University of Chinese Medicine.
Animal models
Before the experiment, all animals were subjected to the analysis of the anterior segment of the eyes, and only the rats with normal eyes were included in this study. Ultimately, 24 rats were selected and randomly divided into four groups (A, B, C and D), with each group consisting of 6 rats. Group A served as the normal control without any treatment (group Con), group B received saline gastric perfusion (group Sal), group C received finasteride gastric perfusion (group Fin), and group D simultaneously received Bp extract and finasteride gastric perfusion (group Bp). All animals were analyzed for tear flow, break up time and fluorescein staining assessment. Day '0' served as the baseline as well as the control for the respective groups for 28 days.
Collection and preparation of water extract of BP
The herbal plant of Bp was purchased from the Fujian herbal medicines planting base (Fuzhou, China). The authenticity of the plant was confirmed by Dr. Hua Yongqing, a botanist of the Department of Pharmaceutical Sciences at Nanjing University of Chinese Medicine (Nanjing, China). For the present study, the aqueous extract of Bp was prepared according to the traditional method [15] . First, leaves of
Tear secretion and stability of tear film examinations
The phenol red thread test, tear film breakup time (BUT) and fluorescein staining were performed to determine tear secretion and the stability of the tear film. The time points for measuring were day 0, 7, 14, 21 and 28. Day '0' served as the baseline as well as the control for their respective groups. Tear secretion was measured in lightly anesthetized rats using phenol red-impregnated cotton threads (Tianjin Jingming New Technological Development Co., Ltd, Tianjin, China). The threads were held with microforceps and applied to the lateral canthus of both eyes for 60 s. Wetting of the thread (which turns red in contact with tears) was measured in millimeters. One drop of 0.5% fluorescein solution was applied to the conjunctival sac. BUT and corneal staining were observed by slit lamp microscopy (Topcon SL-D7, Tokyo, Japan) with a cobalt blue filter. BUT was initially evaluated by waiting for the natural blink response of the rat, which was recorded three times, and the mean of the measurements was then calculated. Punctate staining was recorded after BUT examination, and the staining indicated the damage of the corneal epithelium. The staining grade was classified using the following standards: grade 0: no staining; grade 1: 1/8 was stained; grade 2: 1/4 was stained; grade 3: 1/2 was stained; grade 4: > 1/2 was stained.
Determination of testosterone (T)
Blood was collected from the caudal vein of rats. After collection, the blood samples were centrifuged at 3000 g for 10 min at 4°C, and aliquots of plasma were stored at -20°C until assay. Serum testosterone concentrations were measured by radioimmunoassay using commercial kits (Diagnostic Products Co, Los Angeles, CA, USA) following the manufacturer's instructions. The time points for measuring were day 0, 14 and 28.
Light microscopy examination
After humane euthanasia, a strip of the lacrimal gland and cornea measuring approximately 5 mm in width vertically across the globe were removed from all rats and fixed in 10% formalin. After dehydration, the specimens were embedded in paraffin, cross-sectioned, and stained with hematoxylin and eosin (H&E). The morphology of the lacrimal gland and cornea was observed under a light microscope using 40× and 10× magnification.
Protein extraction and cytokine antibody array detection Raybio
® Rat Cytokine Antibody Arrays G Series 2 were performed according to the manufacturer's protocol (RayBiotech, Inc., Norcross, GA, USA) on tissues from individual animals. Total protein was extracted from the lacrimal gland and cornea using a tissue protein extraction reagent (Kangchen Biotech, Shanghai, China). The protein concentration was determined for each sample using the BCA method. Rat cytokine antibody arrays were used to detect the expression of 35 cytokines in the lacrimal gland and cornea from four groups. The signal from the membrane was detected with a chemiluminescence imaging system. By comparing the signal intensities, the relative expression levels of cytokines were calculated. The intensities of signals could be quantified by densitometry. Positive controls were used to normalize the results from the different membranes being compared. Compared with the control group, the expression of the corresponding cytokines was increased or decreased, such that a ratio greater than 1.3 was high expression and a ratio lower than 0.77 was low expression. 
Western blot analysis
Based on the protein microarray results, only highly expressed cytokines were selected for further investigation with Western blot. Lacrimal glands and corneas were removed from four groups of rats. Tissues used for Western blot analysis were homogenized in lysis buffer (10 mM Tris, pH 8.0, 1 mM EDTA, and a proteinase inhibitor cocktail) and stored at −80°C for Western blot analysis. Tissue samples were diluted in sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis sample buffer. All samples and molecular weight standards were boiled for 5 min prior to being loaded onto 4 to 15% polyacrylamide gradient gels (Bio-Rad, Hercules, CA, USA). The gels were run for 30 min at 80 V and 90 min at 120 V, washed in transfer buffer and electroblotted onto nitrocellulose membranes for 2 h at 100 mA. The blots were blocked overnight at 4°C with 3% milk in Tris-buffered saline (TBS) and incubated for 2 h at room temperature with the corresponding antibody. Following three rinses, the blots were incubated with horseradish peroxidase (HRP)-conjugated rabbit anti-goat immunoglobulin G (1:2,000) for 1 h, and the hybridized bands were detected with an enhanced chemiluminescence kit (PerkinElmer Life Sciences, Boston, MA).
Statistical analysis
The data were presented as the means ± standard deviation (SD). Data were analyzed using SAS 9.3 statistical software (SAS Institute Inc., Cary, North Carolina, USA). Appropriate parametric (t-test) or nonparametric (Mann-Whitney U or Wilcoxon) statistical tests were used to make comparisons between the 2 groups. In all analyses, P < 0.05 was considered to indicate statistical significance.
Results
Phenol red thread test
We measured aqueous tear secretion using the cotton thread test. As illustrated in Fig. 1 , no significant difference in wetting length was observed between four groups on the baseline (P > 0.05). There was no significant difference between group Con and group Sal at all time points (P > 0.05). In group Fin, the tear secretion markedly decreased after receiving finasteride, with a statistically significant difference compared with that of group Con on days 14, 21 and 28 (P = 0.041, P = 0.014, and P = 0.014, respectively). Compared with group Con, the tear secretion of group Bp slightly decreased with Bp therapy, and the wetness length of the thread of group Bp was significantly longer than that of group Fin on days 21 and 28 (P = 0.027 and P = 0.045, respectively). Table 1 . Position of 35 rat inflammatory factors in the antibody-based protein microarray. Abbreviations: POS, positive; NEG, negative; β-NGF, β Nerve growth factor; CINC, cytokine-induced neutrophil chemoattractant; CNTF, ciliary neurotrophic factor; GM-CSF, granulocyte-macrophage colony stimulating factor; ICAM-1, intercellular adhesion molecule-1; IFN-γ, interferon-γ; IL, interleukin; MCP, monocyte chemoattractant protein; MIP, macrophage inflammatory protein; MMP, matrix metalloproteinase; PDGF, platelet-derived growth factor; RAGE, receptor for advanced glycation end products; TIMP, tissue-specific inhibitor of metalloproteinase; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor Fig. 1 . Changes in tear secretion in four groups at different time points (unit: mm). Note: *P < 0.05/**P < 0.01 vs. baseline within the same group. ▲P < 0.05/▲▲P < 0.01 within the group Con at the same time point.
# P < 0.05 within the group Fin at the same time point. 
Determination of testosterone (T)
The serum level of testosterone in different groups was measured at baseline, day 14 and day 28, and the results are shown in Fig. 4 . The testosterone level of four groups showed no significant differences from baseline (P > 0.05). There was no significant difference between group Con and group Sal at all time points (p > 0.05). In contrast with group Con and group Sal, the levels of testosterone of group Fin and group Bp were all decreased on day 14 and 28 (p < 0.05). No significant difference was identified between group Fin and group BP at all time points (P > 0.05).
Lacrimal glands and corneal histopathology
The pathologic changes of lacrimal glands in each group on day 28 are described in Fig. 5 (H&E staining). Lacrimal glands from group Con contained a well-preserved acinar structure and showed no significant lymphocyte infiltration (Fig. 5A) . In group Fin, large quantities of lymphocyte infiltration were shown, and there was a severe inflammatory response, with inflammatory cells invading the interlobular space and surrounding both acinar and ductal cells (Fig. 5B) . In group Bp, there was much less inflammation (Fig. 5C) .
Pathologic changes in the corneas of each group on day 28 are described in Fig. 8 (H&E  staining, 10× ). The cornea from group Con had a normal appearance in both thickness and cellular morphology (Fig. 6A) . In group Fin and group Bp, the corneas also appeared normal, and no obvious increase in the infiltration of inflammatory cells was observed (Fig. 6B, 6C ).
Cytokine assay results
To investigate the changes in inflammatory cytokine expression levels in different groups and to select the relevant candidate genes for further study, gene microarray methods were used to analyze the lacrimal gland and cornea tissues for inflammatory cytokines (Table 2 and Fig. 7 ).
Expression levels of 22 cytokines in the lacrimal gland were changed significantly in group Fin compared to group Con. Most of these cytokines were considered to be inflammatory factors and chemokines. The expression levels of 15 cytokines, including B7-2/ Cd86, CNTF, Fas L, GM-CSF, ICAM-1, IFN-γ, IL-1β, IL-4, IL-6, IL-10, Leptin, L-Selectin, MMP-8, TIMP-1, and TNF-α, were significantly increased. Among the highly expressed cytokines, IL-1β, IL-6, GM-CSF, and TNF-α are proinflammatory cytokines, and IL-4 and IL-10 are antiinflammatory genes. Meanwhile, the expression of those cytokines decreased significantly in group Bp compared to group Fin. When compared with group Con, the expression of almost all cytokines in group Bp showed no significant differences; only several cytokines were moderately increased.
The expression levels of 5 cytokines in the cornea were significantly elevated in group Fin compared to group Con, including B7-2/Cd86, Fractalkine, IL-13, PDGF-AA, Prolactin R, and TIMP-1. The expression of almost all cytokines in group Bp showed no significant differences when compared to group Con.
Western blot
High expression and inflammatory-related cytokines in the lacrimal gland, including B7-2/Cd86, IL-1β, IL-4, IL-6, IL-10, MMP-8, FasL, TNF-α and TIMP-1, were selected as candidates for further Western blot analysis. Their expression levels are shown in Table 3 and Fig. 8 . The expression levels of IL-1β, IL-4, IL-6, IL-10, MMP-8, FasL, and TNF-α were significantly increased in group Fin compared to group Con (P < 0.05 or P < 0.01). B7-2/Cd86 and TIMP-1 were also increased with no statistical significance.
Compared with group Fin, IL-1β, FasL, and TNF-α in group Bp were significantly decreased (P < 0.05). Other cytokines also showed this decreased tendency but without statistical significance. Table 3 . Western blot analysis of cytokines in the lacrimal gland of the three groups of rats. Note: *P < 0.05/**P < 0.01 within the group Con. ▲P < 0.05/▲▲P < 0.01 within the group Fin our previous studies [13, 14] , Bp extracts were demonstrated to have anti-inflammatory activities by inhibiting the production of pro-inflammatory cytokines. Furthermore, no obvious side effects were observed after the long-term oral administration of Bp, which is consistent with another study on the acute toxicity of BP in rats [19] . Therefore, Bp seems to be a promising therapeutic candidate for dry eye. Androgen deficiency rats develop dry eye, which is characterized by decreased tear secretion, ocular surface damage and lacrimal gland inflammation, and it is an animal model used in the study of dry eye [20] . In the present study, the level of serum testosterone decreased significantly after finasteride administration; we noted that finasteride administration showed a significant reduction in the tear flow and a severe inflammatory response in the lacrimal gland. The tear secretion in group Fin was significantly lower than group Con on days 14, 21, and 28, and the level of BUT in group Fin was significantly lower than group Con on days 7, 14, 21, and 28. In addition, the corneal fluorescein staining scores in group Fin were significantly higher than in group Con on day 21 and 28. Therefore, direct finasteride administration in normal rats could produce a suitable model for sex steroid-deficient dry eye in rats. This model can be used to study the effect of topically applied pharmacological agents for androgen deficiency dry eye. In the current study, the female rats were selected according to the high incidence rate of women in the clinic. The decline of androgen levels is a main cause of dry eye. The condition is more prevalent in women and increases with age because of the decline of androgen level with age, especially after menopause. The results obtained by Singh also found that finasteride administration in both sexes of normal rats could produce a suitable model for sex steroid-deficient dry eye in rats, but finasteride administration significantly downregulated androgen receptors in the lacrimal gland of the female rats by 8 times compared to male rats. Correspondingly, finasteride-treated female rats showed a 49% reduction of tear flow, while male rats showed a 40% reduction tear flow.
Approximately 200 different compounds have been discovered in Bp, and their structures have been well elucidated. Among them, the main compounds are flavonoids and polyacetylenes, which are major anti-inflammatory phytochemicals in Bp [21, 22] . In addition, both androgen and flavonoids are polyphenolic heterocyclic compounds. It was reported that flavonoid compounds have androgen-like effects [23] and can be used to treat certain diseases due to the decrease of androgen levels, such as osteopenia [24] . Considering that androgen receptor (AR) is widely present in the lacrimal gland, cornea and other ocular tissues [25] , Bp should also produce androgen-like effects to treat dry eye, a disease that mainly results from the decrease of the androgen level.
Most of the patients visit the clinic after the development of dry eye, so the major concern of the present study was to investigate the therapeutic effect of Bp on dry eye symptoms. However, herbal medicines, such as BP, usually exert their curative effect after long-term administration. Considering that the finasteride-treated rat is a well-validated dry eye model, Bp and finasteride were co-administered to the rats in our study. In the present study, we investigated the effect of Bp treatment for 28 days on the tear functions and corneal epithelial status in androgen-deficient rats. We observed that tear secretion, tear film stability, and corneal epithelial staining were improved significantly with Bp treatment. Bp has also been shown to alleviate inflammatory cell infiltration in the lacrimal gland.
To determine which cytokines are involved in the pathogenesis of dry eye and the curative effect of Bp, cytokine antibody array analysis was performed, which was further verified by western blot analysis. Gene expression profiling technologies allow for large panels of genes to be analyzed at one time; therefore, a large quantity of information on cytokine gene expression levels can be collected throughout the course of inflammatory diseases [26] . Such arrays could be informative in the ongoing study of the role of cytokines in disease pathogenesis and treatment. In the present study, 35 different cytokine and cytokine-related proteins were screened from the rat lacrimal gland and cornea in different groups. Protein expression assays were used to determine whether cytokine and cytokinerelated protein levels in the lacrimal gland or cornea were increased or decreased and whether such changes were associated with tissue histopathology and clinical presentation.
Our results showed that the lack of testosterone could influence the cytokine expression in the lacrimal gland. From the results of antibody array analysis, we observed that 22 cytokines in the lacrimal gland were changed significantly in group Fin compared to group Con. The expression levels of 15 cytokines were significantly increased, most of which were inflammatory factors and chemokines. Specifically, the expression levels of those cytokines decreased with Bp treatment. Inflammation-related cytokines highly expressed in the lacrimal gland were selected as the candidates for further Western blots analysis. The results showed the expression levels of IL-1β, IL-4, IL-6, IL-10, MMP-8, FasL and TNF-α significantly increased in group Fin compared to group Con. Meanwhile, IL-1β, FasL, and TNF-α were significantly decreased after Bp administration. In the present study, the expression levels of pro-inflammatory cytokines, including IL-1β, IL-6, GM-CSF, and TNF-α, in group Fin were upregulated compared with group Con; meanwhile, the levels of anti-inflammatory cytokines, such as IL-4 and IL-10, in group Fin were also upregulated compared with those in group Con. The above data suggested that the inflammation in androgen deficiency dry eye resulted from the imbalance between inflammatory responses and anti-inflammatory responses. Whether the inflammatory response appeared in the cornea was also explored in this study. Our findings indicated that the levels of inflammatory cytokines were not increased in the cornea, which was consistent with corneal histopathology.
In conclusion, our study demonstrated that severe inflammation occurred in the lacrimal gland in androgen deficiency dry eye, suggesting that a correlation between sex steroid deficiency and the inflammatory response may exist. The long-term administration of Bp could alleviate the dry-eye symptoms, including lacrimal gland inflammation, tear secretion and the stability of the tear film. As finasteride administration caused 16-25% tear reduction and did not develop into moderate to severe dry eye, we only observed the efficacy of Bp in a mild dry eye condition. The efficacy of Bp on different degrees of dry eye should be further investigated. Although further studies of the mechanisms are still necessary, our findings clearly suggest that Bp may be further developed as a therapeutic agent to treat androgen deficiency dry eye.
